We calculate the transport coefficients, drag and momentum diffusion, of a heavy quark in a thermalised plasma of light quarks in the background of Polyakov loop. Quark thermal mass and the gluon Debye mass are calculated in a non-trivial Polyakov loop background. The constituent quark masses and the Polyakov loop is estimated within a Polyakov loop quark meson (PQM) model. We have studied the temperature and momentum dependence of heavy quark drag and diffusion coefficients. It is observed that the temperature dependence of the drag coefficient is almost constant which may play a key role to understand heavy quark observables at RHIC and LHC energies.
II. FORMALISM
In the QGP phase, the Boltzmann equation for charm quark distribution function, neglecting any mean-field term, can be written as:
where f C represents the non-equilibrium charm quark distribution function. The right hand side of Eq. 1 is the collision integral where phase-space distribution function of the bulk medium appears as an integrated quantity. If we define ω(p, k) as the rate of collisions which change the charm quark momentum from p to p − k, then we can write [45] 
The first term in the integrand represents gain of probability through collisions which knock the charm quark into the volume element of momentum space at p and the second term represents the loss out of that volume element. ω(p, k) is the total contributions coming from heavy quark scattering from gluon and light quark/anti-quark. Furthermore, assuming the scattering processes to be dominated by small momentum transfer, we can expand ω(p + k, k)f (p + k) around k,
The higher power of the momentum transfer, k i 's, are assumed to be small [46] . Keeping upto the second term and substituting in Eq. 2, we get:
Now Eq. 1 is reduced to Fokker-Planck equation, where the kernels
stand for drag and diffusion coefficients respectively. The function ω(p, k) is given by
where f ′ (q) is the thermal phase space distribution, in the present case it stands for light quarks/anti-quarks and gluons, v is the relative velocity between the two collision partners, σ denotes the interaction cross section and g d is the statistical degeneracy.
In particular A i and B ij , for the (generic) process, HQ(p) + l(q) → HQ(p ′ ) + l(q ′ ) (l stands for light quarks and gluon), are given by [45, 47, 48] :
g c is the statistical degeneracy of the charm quark. The factor f (q) denotes the thermal phase space factor for the gluons and light quarks/anti-quarks in the incident channel and 1 + f (q ′ ) is the final state Bose/Fermi enhanced/suppression phase space factor. The above expression indicates that the drag coefficient is a measure of the thermal average of the momentum transfer, p − p ′ , weighted by the elastic heavy quark-bulk interaction through the square of the invariant amplitude, | M | 2 .
Similar, heavy quark diffusion coefficients can be defined as:
From the above expression it is clear that the diffusion coefficient is a measure of the thermal average of the square of momentum transfer weighted by the elastic heavy quark-bulk interaction through the square of the invariant amplitude, | M | 2 .
Since A i and B ij depend only on the vector p, we may write [45] :
where,
The integrals appearing in the above equations can be further simplified by solving the kinematics in the center of mass frame of the colliding particles and both the drag and diffusion coefficients can be defined from a single expression:
with an appropriate choice of T (p′). In the above equation λ(x, y, z) = x 2 + y 2 + z 2 − 2xy − 2yz − 2zx is the triangular function. To compute the heavy quark transport coefficient we need the heavy quark-light quark scattering matrix, thermal distribution function, mass of light quarks and gluons and Debye screening mass to shield the divergence associated with the t-channel digram.
In literature several attempts have been made, over the years, to compute the heavy quark drag and diffusion coefficients in QGP within different models. Recent study indicates that non-perturbative contributions are essential for the simultaneous description of heavy quarks R AA and v 2 [20] . Quasi-particles model is a way to take into account the non-perturbative effect. This can be done in a number of possible ways which differ in how the effects of QCD interactions are modeled. To study the heavy quark transport properties in QGP, the quasi particle approaches [20, 24] that have been recently used in literature include the interaction in the effective masses of the light quark and gluons. In these quasi-particle models strong coupling constant [49] , g(T ), is the only free parameter which can be obtained by making a fit of the energy density obtained by lattice QCD calculations. The main feature of these quasiparticle approach is that the resulting coupling is significantly stronger than the one obtained from pQCD running coupling particularly near the quark-hadron transition temperature (T c ). The calculation of the scattering matrix, M (q,g)+Q↔(q,g)+Q , is then performed considering the leading-order (LO) diagram with the effective coupling, g(T ), that leads to effective vertices and a dressed massive quark propagator for gQ ↔ gQ and a massive gluon propagator for qQ ↔ qQ scatterings [21, 23] .
In this present study we adopted a different model to include the non-perturbative effects. The bulk distribution, thermal mass and Debye mass have been obtained in presence of a non-trivial Polyakov loop background. The magnitude of both the constituent quark masses and the Polyakov loop are taken from PQM model.
III. THERMAL AND DEBYE MASSES IN POLYAKOV LOOP BACKGROUND
In this section we shall estimate the non perturbative Debye screening mass and quark thermal mass in a non trivial Polyakov loop background. Polyakov loop is a particular case of Wilson loop where the gluon field is time-like. The background gauge field can be taken as a constant diagonal matrix A ab µ = δ µ0 δ ab Q/g, where, summation over the color index is not taken and g is the gauge field coupling constant. The Wilson line in the temporal direction is given by
where, P denotes path ordering in the imaginary time, with τ being the imaginary time τ : 0 → β. In the mean field level, neglecting the fluctuations and with the choice of the time independent constant background field, the path ordering becomes irrelevant and one can perform the integration over the imaginary time as P = exp(igβA 0 ). The trace of the Wilson line is the Polyakov loop φ given as
In a SU(N) gauge group the vector potential A 0 is traceless so the sum over all the Q's vanishes i.e., a Q a = 0, for
Physically, such a non trivial background field can be thought of as an imaginary chemical potential [50] . The distribution function for quarks and gluons are given by [43] 
where f a (E) andf a (E) are for particles and anti-particles respectively. Quark distribution function involves only one color index because these are represented in fundamental representation. For gluons, the adjoint representation gives rise to two color index. For three colors, the sum over Q a in the quark distribution function reduces to
This is exactly the distribution function for quarks connected in PQM model in the mean field approximation [42] . For the computation of Debye mass, we use double line notation here. For SU (N ) gauge group, the generators λ n satisfy the following relation [51] T r(λ
where l and m are adjoint indices and takes the values as l, m = 1, 2, 3, .., N 2 − 1. The quantity that we need here is the projection operator, with adjoint indices it is written as
The change in the indices from lower to upper or vice versa can be done by flipping the order of the indices as
In the fundamental representation, each generator is a projection operator and can be written as t representation, the projection operator can also be represented by a double line. The anti-commutation relation of generators is proportional to structure constant as
where
A. Quark loop contribution to Debye mass
Debye mass is calculated from the longitudinal component (Π 44 ) of gluon self energy. For this purpose, we first evaluate the quark loop in the gluon self energy diagrams within the matrix model of semi QGP taking into account the constituent quark mass. For massless quarks, this has already been computed in Ref. [51] . We include here the effect of a finite constituent quark mass in the quark loop contribution to the Debye mass. We work in the imaginary time formulation of thermal field theory for evaluating the corresponding diagrams. In this formalism any four vector is written as a µ = (a 4 , a 1 , a 2 , a 3 ) where a 4 is time like component. The quark loop diagram is shown in Fig.(1) where the four vectorK
e , k) withQ e = Q e + πT . Our notations for energy and momentum of quark and gluon are similar to Ref. [51] In t'hooft double line notation the polarization tensor can be written as
where a, a ′ , e, e ′ , b, b ′ are color indices, N f is flavor number and ∆(K)
is Matsubara frequency. The trace is over Dirac space and Q i is the diagonal matrix in color space and defined as Q i = (−2πT q i , 0, 2πT q i ) where q i is related to Polyakov loop value as written in Eq. (17) . Here, we take hard thermal loop (HTL) approximation i.e., dropping the external soft momentum contribution compared to the loop momentum in the numerator of Eq. (26) . We also assume m ≪ T and evaluate upto leading order in T 2 . Thus, taking HTL limit and trace over Dirac space, eq.(26) reduces to
As we are interested in calculating Debye mass for which we need the timelike component (Π 44 ) of self energy so here onward we proceed only with this term. The integral in Eq(27) can be written as
The frequency sums over discrete Matsubara frequencies which are involved in the above expression are
where Q2 = Q bb ′ −Q e , Q1 =Q e and f (E ± iQ) is bosonic distribution function. In above frequency sums, the term independent of distribution function is the vacuum contribution which can be dropped with respect to T 2 contribution. Such T 2 dependent terms arise from second and fourth term of Eq (29) . Debye mass is defined as m 
where, we have introduced the dimensionless variables x = βk and y = βm. Note that although distribution function is a complex quantity, the integrals I1(m), I2(m) and I3(m) are real functions. With further simplification, it can be written as
where the dimensionless real functions D, F and B are
The product of the generators in Eq. [35] can be written as
Note that the second and the third term in Eq. (39) are suppressed by color factor ( 1 N ). Thus, after summing over contracted color indices the leading contribution in the self energy i.e., Eq. [35] becomes
B. Gluon contribution to Debye mass
Gluon loop diagram is shown in Fig.2 . This has already been evaluated in Ref. [51] . For the sake of completeness, we recapitulate the results. In the HTL approximation, the sum of gluon loop, four gluon vertex and ghost loop contribution to the gluon self energy can be written as
The time like component of self energy is needed for Debye mass. From above equation it can be written as
Using the frequency sum as written in Eq (29) and Eq(30) and taking the static limit, Eq.(42) reduces to
Using Eq. [25] and summing over repeated color indices, we get
Since δ
N , which is color suppressed. Taking only leading order contribution above equation reduces to
combining Eq (40) and (45), Debye mass can be written as
Note that in above equation Debye mass is color dependent and therefore, one has to sum the contributions from all the colors and then average over the number of colors to get the total Debye mass i.e.,
It is easy to check that, in the limit q = 0 and m = 0, the Debye mass as written in Eq.(49) reduces to its familiar HTL limit given as
IV. LIGHT QUARK THERMAL MASS
The standard diagram of one loop quark self energy, with color structure, in the double line notation is shown in figure(3) . In the presence of a background gauge field (Q = 0), the quark self energy can be written as
where g is the coupling constant,
Here, there are two types of terms related to Matsubara frequency summation. One is similar to Eq.(29)
One loop quark self energy diagram in double line notation with product of two propagators ∆(K)∆(P − K) and other term is ω n ∆(K)∆(P − K). The later term is given as
We wish to calculate only T 2 term in quark-self energy which arises from the terms with denominators having terms like E q − E k in the Matsubara frequency sums. Using Eqs. (29) and (52), Eq.(51) reduces to
In above equation we have used
After simplifying Eq53 further, it reduces to
where, as earlier, with y = βm,
and,
Summing over the colors in Eq.(54) we get
In the HTL approximation, the effective fermion mass (thermal mass) can be written as [52] 4m 2 th = T r( / P Σ(P )).
From Eqs. (58) and (57), the quark self thermal mass a function of q can be written as
since the quarks are not massless so the total quark mass becomes
where m nontrivial Polyakov loop and quark condensates are significant and at high temperature where Polyakov loop(φ) is 1, both the curves merge with each other. At high temperatures the small difference between black and green curve is due to the small but non-vanishing constituent mass. Debye mass ( right side of fig [5] ) is plotted as a function of temperature in the presence of a background Polyakov loop (red) and in the perturbative (or HTL) limit (blue). At higher temperatures, the contribution from the constituent quark mass is negligible compared to the thermal mass. Therefore, the Debye mass evaluated in the Polyakov background matches with that of evaluated in the hard thermal loop approximation. On the other hand, at low temperatures the difference between masses is significant to statistical confinement arising from the color suppression by the small value of Polyakov loop.
V. RESULTS AND DISCUSSIONS
The temperature variation of the drag coefficient has been shown in Fig. 6 for charm quark interaction with light quarks and gluon for two different momenta. Let us note that the scattering matrix elements are the same as the quasi particle model. However, the effective thermal mass for the quark and the Debye mass for gluon are estimated within a Polyakov loop background. We obtain almost a constant temperature dependence of heavy quark drag coefficient for both the momentum. The observed temperature dependence of heavy quark drag coefficient obtained within the framework of Polyakov loop quark meson model is consistent with the results obtained with other quasi-particle models [20, 23] and T-matrix approach [18] .
It is important to mention that the temperature dependence of the drag coefficient plays a significant role [20] to describe heavy quark R AA and v 2 simultaneously, which is a challenge to almost all the models on heavy quark dynamics. A constant or weak temperature dependence of the drag coefficient is an essential ingredient to reproduce the heavy quarks R AA and v 2 simultaneously, whereas in pQCD the drag coefficient increases with temperature. We will explore the phenomenological implication of the present work in a future efforts.
In Fig. 7 heavy quark diffusion coefficient has been displayed as a function of temperature for two different momentum. The diffusion coefficients increases with temperature as it involves the square of the momentum transfer.
The momentum variation of the drag coefficient has been shown in Fig. 8 for charm quark interaction with light quarks and gluon for two different temperature. We observe a strong momentum dependence of heavy quark drag coefficient than in pQCD [7] . This is mainly due to the inclusion of nonperturbative effects through the Polyakov loop background. We also obtain similar drag coefficient at both the temperature consider in this present calculation mainly due to the weak temperature dependence of drag coefficient.
The momentum variation of the diffusion coefficient has been shown in Fig. 8 for charm quark interaction with light quarks and gluon for two different temperature. 
VI. SUMMARY
In this work, we have computed the heavy quark drag and diffusion coefficients in QGP including non-perturbative effects via a Polyakov loop background. In order to incorporate these effects we first calculate quark and gluon thermal masses taking the quark constituent mass into account. We found that for temperatures below 300 MeV quark thermal mass and gluon Debye mass starts deviating from its perturbative value. Due to color suppression both the masses are less then their value evaluated in the perturbative limit. We have studied the momentum and temperature dependence of heavy quark drag and diffusion coefficients. We obtain the drag coefficient of heavy quark is almost independent of temperature which is consistent with other model having non-perturbative effects. Our results might have a significance impact on experimental observables at RHIC and LHC energy which we will report in a future work.
